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PROCESS FOR THE MONOALKYLATION OF 
DIHYDROXY AROMATIC COMPOUNDS 

BACK GROUND OF INVENTION 

[0001] The disclosure generally relates to alkylation of dihydroxy aromatic 
compounds. More particularly the disclosure relates to selective mono ortho alkylation 
of dihydroxy aromatic compounds. 

[0002] An alkylation reaction of a dihydroxy aromatic compound typically 
involves a vapor phase reaction of a dihydroxy aromatic compound with an alcohol using 
an alkylation catalyst. Such alkylated dihydroxy aromatic compounds find applications 
in a wide range of industries including, among others, the polymer industry, the dye 
industry, the photographic industry and in medical applications. They are also known for 
fabricating polycarbonates for use in liquid crystal displays. 

[0003] Many alkylation processes for hydroxy aromatic compounds use metal 
oxide catalysts. Many of the alkylating catalysts produce a mixture that often contains a 
high proportion of dialkylated hydroxy aromatic compounds with very low selectivities 
towards mono alkylated hydroxy aromatic compounds. Dihydroxy aromatic compounds 
tend to be more reactive than hydroxy aromatic compounds thereby having an even 
greater tendency to generate higher alkylated and oligomeric products and making the 
production of mono alkylated products more difficult. 

[0004] Thus, there exists an ongoing need for improvement in the process for the 
preparation of mono alkylated dihydroxy aromatic compounds, particularly mono ortho- 
alkylated dihydroxy aromatic compounds. 

SUMMARY OF INVENTION 

[0005] A continuous process comprising: 

contacting a mixture comprising dihydroxy aromatic compound, water and 
an alkylating agent with a catalyst system in the presence of a flowing carrier gas, to form 
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a mono alkylated dihydroxy aromatic compound, wherein said catalyst system is obtained 
by the calcination of a catalyst precursor system comprising a metal oxide precursor, a 
transition metal element and a pore former. 

[0006] The above-described method may be understood more readily by 
reference to the following detailed description of the various features of the disclosure 
and the examples included therein. 

DETAILED DESCRIPTION 

[0007] Disclosed herein is a process for mono alkylation of dihydroxy aromatic 
compounds providing a high degree of selectivity towards mono alkylation, particularly 
mono ortho alkylation. The process of mono alkylating a dihydroxy aromatic compound 
comprises contacting a reaction mixture comprising the dihydroxy aromatic compound, 
water and an alkylating agent with a catalyst system in the presence of a flowing carrier 
gas, at a weighted hourly space velocity, to form a mono alkylated dihydroxy aromatic 
compound, wherein said catalyst system is obtained by the calcination of a catalyst 
precursor system. The reaction mixture may further comprise a diluent. The catalyst 
precursor system comprises a metal oxide precursor, a transition metal and a pore former. 
After calcination the metal oxide precursor is converted to the metal oxide and the 
calcined catalyst may have pores with average pore diameters of 100 to 400 Angstroms. 

[0008] The singular forms "a", "an" and "the" include plural referents unless the 
context clearly dictates otherwise. "Optional" or "optionally" means that the 
subsequently described event or circumstance may or may not occur, and that the 
description includes instances where the event occurs and instances where it does not. 
Whenever a range of values are given it should be understood that it includes all 
subranges contained therein. 

[0009] Unless otherwise specified, the term "alkyl" as used herein is intended to 
designate straight chain alkyls and branched alkyls. The straight chain and branched 
alkyl groups include as illustrative non-limiting examples, methyl, ethyl, n-propyl, 
isopropyl, n-butyl, iso-butyl and tertiary-butyl groups. 
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[0010] The dihydroxy aromatic compounds may be selected from the group 
consisting of hydroquinone compounds, resorcinol compounds and catechol compounds. 
In one embodiment the dihydroxy aromatic compounds are of the formula: 




OH 



wherein R is a hydrogen group and each occurrence of R is independently selected from 
the group consisting of a hydrogen and a hydrocarbyl group selected from the group 
consisting of an alkyl group containing 1 to 18 carbon atoms, an aryl group containing 
about 6 to 20 carbon atoms, an arylalkyl group containing about 7 to 12 carbon atoms and 
an alkylaryl group containing about 7 to 16 carbon atoms. 

[0011] Specific examples of suitable dihydroxy aromatic compounds include 
hydroquinone, resorcinol, catechol, 2-methyl hydroquinone, 2,5-dimethyl hydroquinone, 
2-ethyl hydroquinone, 2,5-diethyl hydroquinone, 2-tertiarybutyl hydroquinone 2,5- 
ditertiarybutyl hydroquinone, 2-phenyl hydroquinone, 2-benzyl hydroquinone, 2,3,5- 
trimethyl hydroquinone, 2-vinyl hydroquinone, 2-isopropyl hydroquinone, 2,5- 
diisopropyl hydroquinone, and mixtures of two or more of the foregoing dihydroxy 
aromatic compounds. 

[0012] An alkylating agent is a reactant, which under the conditions described 
herein reacts with a dihydroxy aromatic compound to provide a mono alkylated 
dihydroxy aromatic compound. The alkylating agents used in the process may be 
selected from the group consisting of branched chain or straight chain alkyl alcohols 
containing 1 to 16 carbon atoms and branched chain or straight chain olefins containing 2 
to 16 carbon atoms. Exemplary alkyl alcohols include methyl alcohol, ethyl alcohol, 2- 
propyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, amyl alcohol, 
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isoamyl alcohol, hexyl alcohol, heptyl alcohol, octyl alcohol, nonyl alcohol, decyl 
alcohol, lauryl alcohol, cetyl alcohol, cyclohexyl alcohol, and cyclohexylmethyl alcohol. 
Exemplary olefins include ethylene, propylene, 1 -butyl ene, 2-butylene, isobutylene, 1- 
pentene, 2-pentene, 2-methylpentene-2, 3-methylpentene-2, 1-hexene, 2-hexene, 3- 
hexene, 1-heptene, 2-heptene, 3-heptene, the isomeric octenes, nonenes and decenes. In 
one embodiment the alkylating agent is methanol. The molar ratio of the alkylating agent 
to the dihydroxy aromatic compound is 0.5 to 4 moles per mole of dihydroxy aromatic 
compound or, more specifically, the molar ratio is 1 to 3.5 moles per mole of dihydroxy 
aromatic compound, or, even more specifically, the molar ratio is 2 to 3 moles per mole 
of dihydroxy aromatic compound. 

[0013] It is to be understood that the aforementioned dihydroxy aromatic 
compounds and alkylating agents are only representative of the class of compounds that 
may be employed. 

[0014] Methods of preparing the catalysts systems described herein are disclosed 
in commonly assigned, co-pending U.S. Patent Application No. 10/065134. The catalyst 
system employed is obtained by the calcination of a catalyst precursor system comprising 
at least one metal oxide precursor, which is converted to a metal oxide during calcination, 
a promoter and a pore-former. 

[0015] Metal oxide precursors include magnesium oxide precursors, iron oxide 
precursors, chromium oxide precursors, vanadium oxide precursors, copper oxide 
precursors, lanthanum oxide precursors and mixtures of two or more of the foregoing. 
The metal oxide precursor may comprise any metal reagent which yields the 
corresponding metal oxide under calcination conditions such as nitrates, carbonates, 
oxides, hydroxides, sulphates and mixtures of two or more of the foregoing. For 
example, any magnesium reagent which yields magnesium oxide after calcination can be 
used. In one embodiment the metal oxide precursor comprises magnesium hydroxide, 
magnesium nitrate, magnesium carbonate, magnesium sulphate, magnesium acetate or a 
mixture of two or more of the foregoing. In another embodiment the metal oxide 
precursor comprises magnesium carbonate. 
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[0016] The pore former used in the catalyst system is a substance capable of 
aiding the formation of pores in the catalyst. Under the calcination condition described 
herein the pore former decomposes or burns off leaving behind pores in the catalyst. The 
pore former may be selected from the group consisting of waxes and polysaccharides. 
Exemplary waxes include, but are not limited to, paraffin wax, polyethylene wax, 
microcrystalline wax, montan wax, and combinations of two or more of the foregoing. 
Exemplary polysaccharides may be cellulose, carboxyl methyl cellulose, cellulose 
acetate, starch, walnut powder, citric acid, polyethylene glycol, oxalic acid, stearic acid 
and combinations of two or more of the foregoing. Also useful are anionic and cationic 
surfactants, typically long chain (Cio-28) hydrocarbons containing neutralized acid 
species, e.g., carboxylic acid, phosphoric acid, and sulfonic acid species. In one 
embodiment the pore former is polyethylene glycol. 

[0017] The amount of the pore former employed is that which provides for 
average pore diameters of 100 to 400 Angstroms (A) after calcination. The amount of 
pore former may be 100 ppm to 10 wt%, or, more specifically, 100 ppm to about 5 
weight percent, or, even more specifically, up to 2 weight percent with respect to catalyst 
precursor reagent. The pore former is typically blended with the metal oxide precursor 
and transition metal to provide uniform distribution of the pore former along with other 
components of the catalyst such as binders and fillers. Transition metal elements are 
used as promoters in the catalyst system. Specific examples of suitable transition metal 
elements include copper, chromium, zinc, cobalt, nickel, manganese and mixtures of two 
or more of the foregoing. In one embodiment the promoter is copper. 

[0018] The catalyst precursor system is converted to the catalyst through 
calcination. In one embodiment gas, such as air, nitrogen, or a combination thereof, is 
passed through the catalyst precursor system during all or part of the calcination. The 
catalyst precursor system may be heated prior to calcination and heating may also occur 
with gas flow. It is believed that gas flow may aid in the formation of pores having the 
desired pore size. 
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[0019] Calcination is usually carried out by heating the catalyst at a temperature 
sufficient to convert the metal oxide precursor to the corresponding metal oxide. Useful 
calcination procedures are found in U.S. Pat. Nos. 6,294,499 and 4,554,267. The 
calcination temperature may vary somewhat, but is usually 350°C to 600°C. Slow 
heating rates can lead to desirable larger pore sizes but often at the expense of lower 
activity of the resultant catalyst. Typically, the heating rate for commercial scale will be 
to raise the temperature from ambient to 400°C over a 12 to 18 hour range although the 
exact rate can vary depending on the actual reactor size and geometry. The calcination 
atmosphere may be oxidizing, inert, or reducing. Alternatively, the catalyst can be 
calcined at the beginning of the alkylation reaction. In other words, calcination can take 
place in the presence of the alkylation feed materials, i.e., the dihydroxy aromatic 
compound and the alkyl alcohol. The surface area of the catalyst after calcination is 
usually 100 m 2 /g to 250 m 2 /g, based on grams of metal oxide. 

[0020] In one embodiment the catalyst has, after calcination, a distribution of 
pores having an average size of 1 00 A to 400 A in diameter. The metal oxide alkylation 
catalyst may have a bimodal distribution of pores. In one embodiment the bimodal 
distribution of pores has a first distribution of pores wherein the first distribution has an 
average pore diameter less than 100 Angstroms and a second distribution of pores 
wherein the second distribution has an average diameter greater than 100 Angstroms and 
less than 400 Angstroms. Without being bound by theory it is believed that these large 
pores in the catalyst may reduce the retention time of the substrate, thereby increasing the 
mono-alkyl selectivity. 

[0021] Without being bound by theory, it is believe that the presence of water in 
the reaction mixture helps to reduce coke formation. Water also serves as a diluent. The 
amount of water added is 1 mole to 10 moles per mole of the aromatic dihydroxy 
compound or, more specifically, 2 to 8 moles per mole of the aromatic dihydroxy 
compound, or, even more specifically, 3 to 5 moles per mole of the aromatic dihydroxy 
compound. 
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[0022] The reaction mixture comprising dihydroxy aromatic compound, water 
and alkylating agent can additionally comprise a diluent to facilitate the reaction. The 
diluents employed in the reaction are selected from the group consisting of solvents that 
vaporize or are in a vapor state at the temperatures of 300°C to 500°C and are stable and 
undergo little or no decomposition in this temperature range. Suitable examples of 
diluent include, but are not limited to, monoglyme, diglyme, triglyme, tetraglyme, butyl 
diglyme, glycol, polyglycol and dipropylene glycol dimethyl ether. In one embodiment 
the diluent is monoglyme. The amount of diluent used is 0.1 mole to 10 moles per mole 
of dihydroxy aromatic compound, or, more specifically, 1 to 8 moles per mole of 
dihydroxy aromatic compound, or, even more specifically, 1 to 2 moles per mole of 
dihydroxy aromatic compound. 

[0023] The alkylation reaction occurs at a temperature of 300°C to 500°C, or, 
more specifically, at a temperature of 400°C to 500°C, or, even more specifically, at a 
temperature of 440°C to 480°C. 

[0024] Inert carrier gases that may be used in the alkylation process include, but 
are not limited to, nitrogen, hydrogen, helium, argon, carbon monoxide and mixtures of 
two or more of the foregoing gases. In one embodiment the carrier gas employed 
comprises nitrogen. The amount of carrier gas used is 1 mole to 12 moles per mole of 
dihydroxy aromatic compound, or, more specifically, 5 moles to 10 moles of dihydroxy 
aromatic compound, or, even more specifically, 6 moles to 8 moles per mole of 
dihydroxy aromatic compound. 

[0025] The weighted hourly space velocity (WHSV) of the feed is 0.1 to 10, or, 
more specifically, 2 to 5, or, even more specifically, 1 to 3. The weighted hourly space 
velocity is the mass of feed per unit of catalyst per unit of time. 

[0026] In an exemplary procedure a reactor is loaded with the catalyst precursor 
system prepared as given above. It is then calcined in-situ for about 22 hours at about 
390°C under an inert atmosphere of nitrogen gas, at atmospheric pressure. After 
calcination, the temperature is increased to about 400-500°C over a period of two hours 
under an inert atmosphere of nitrogen gas. A premixed solution of the feed mixture 
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comprising dihydroxy aromatic compound, alkylating agent, diluent and water, is 
introduced at a desired flow rate measured in terms of WHSV. Alternatively, in the 
absence of a diluent in the reaction, a first feed stream comprising dihydroxy aromatic 
compound in the molten state is added simultaneously with a second feed stream 
comprising water and alkylating agent. 

[0027] The process described herein may have a selectivity for mono ortho 
alkylated products greater than or equal to 50%, or, more specifically, greater than or 
equal to 60%, or, even more specifically, greater than or equal to 70%. Selectivity is 
calculated as described below in the Examples. 

[0028] As previously discussed, the mono alkylated dihydroxy aromatic 
compounds find various end use applications in the polymer, dyestuff, pharmaceutical, 
photographic industries and in medical applications. Polycarbonates particularly 
containing mono alkylated dihydroxy aromatic units are known to exhibit liquid 
crystalline properties. Suitable methods for preparation of these polycarbonates include 
melt- polymerization reaction of diphenylcarbonate and mixtures of dihydroxy 
compounds comprising mono alkylated dihydroxy aromatic compounds such as methyl 
hydroquinone in the presence of quaternary phosphonium salts, sodium hydroxide or 
tetraalkylammonium salts as catalyst systems. The mono alkylated dihydroxy aromatic 
compounds can also be used to prepare polyesters when coupled with other monomers by 
melt polymerization techniques as is known in the art. 

[0029] The process is further described by the following non-limiting examples. 

EXAMPLES 

[0030] In the following examples and comparative examples, a high performance 
liquid chromatography (HPLC) method was used to quantify the conversion of a 
dihydroxy aromatic compound to a mono ortho-alkylated dihydroxy aromatic compound. 
The HPLC was initially calibrated using standard Aldrich samples of hydroquinone 
(HQ), and 2-methyl hydroquinone (2 -Me HQ) and 2,6-dimethyl hydroquinone (2,6 di Me 
HQ). The standard samples were diluted with an internal standard solution of N-methyl 
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benzamide in acetonitrile and injected into a C-18 reverse phase column. Each reaction 
mixture sample was diluted with an internal standard solution of N-methyl benzamide in 
acetonitrile and injected into a C-18 reverse phase column. Samples at specific time 
intervals were analyzed and compared to the HPLC chromatogram of the standard sample 
to determine the conversion of hydroquinone and selectivity towards formation of 2- 
methyl hydroquinone and 2,6-dimethyl hydroquinone. 

[0031] Example: 1 A dry mixture of 100 grams (gms) of magnesium carbonate, 
2.5 gms of polyethylene glycol, 1 gram (gm) graphite, and 1000 ppm of copper nitrate 
was prepared. This mixture was pelletized and crushed to particles having a size of 800 - 
1400 micrometers to provide the catalyst precursor system. 

[0032] Examples 2- 10: A glass reactor was loaded with 5 grams of the catalyst 
precursor system prepared in example 1 . The catalyst was calcined in-situ for 22 hours at 
390°C under a flow of nitrogen, at atmospheric pressure. After calcination, the 
temperature was increased to 480°C over a period of two hours under a nitrogen 
atmosphere. After 15 minutes, a feed mixture comprising hydroquinone, methanol 
(MeOH), monoglyme and water, was introduced at the flow rates indicated by the 
weighted hourly space velocity (WHSV) in Table 1. The molar ratio of hydroquinone to 
monoglyme to water was maintained at 1:2:3 and the carrier gas to hydroquinone molar 
ratio was maintained at 8:1. The temperature of the feed mixture and the molar ratio of 
methanol to hydroquinone were varied as indicated in Table 1 . The alkylation was run 
for 24 hours under the above mentioned conditions during which methyl hydroquinone 
selectivity and dimethyl hydroquinone selectivity were monitored on HPLC. Samples for 
measuring conversion and selectivity were withdrawn as indicated by the time of 
sampling (TOS) data indicated in Table 1 below. 2-Methyl hydroquinone selectivity was 
calculated as follows: 2-MeHQ selectivity=(moles of 2-MeHQ formed/moles of HQ 
converted) *100%. 
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Hydrogen as the carrier gas 
2 5 moles of water per mole of hydroquinone. 



[0033] These experiments indicate that the use of polyethylene glycol pore- 
former in the catalyst precursor system increases the selectivity towards 2-methyl 
hydroquinone. The presence of the pore former in the catalyst precursor provides larger 
pore sizes in the catalyst system on calcination. Without being bound by theory it is 
believed that the 2-methyl hydroquinone may diffuse out faster from the larger catalyst 
pores, thus reducing the over alkylation due to reduced contact time with the catalyst. 

Comparative Example. 

[0034] A similar procedure was followed as in examples 2-10, except that the 
catalyst precursor contained only magnesium carbonate. Results are shown in Table 2. 
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[0035] As can be seen by a comparison of Example 1 and Comparative Example 
1 use of only magnesium carbonate as the catalyst precursor in the absence of a promoter 
and pore-former shows decreased selectivity towards 2-methyl hydroquinone under 
similar operating conditions. 

[0036] The foregoing examples show that the use of a catalyst having pore size of 
100 to 400 A results in an alkylation process for dihydroxy aromatic compounds that has 
surprisingly high selectivity for mono alkylated products, particularly mono ortho 
alkylated products. 

[0037] While the invention has been described with reference to an exemplary 
embodiment, it will be understood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof without departing from the 
scope of the invention. In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the invention without departing from 
the essential scope thereof. Therefore, it is intended that the invention not be limited to 
the particular embodiment disclosed as the best mode contemplated for carrying out this 
invention, but that the invention will include all embodiments falling within the scope of 
the appended claims. 

[0038] All patents and patent applications cited herein are incorporated by 
reference. 
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